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Abstract of JP2002237739 

PROBLEM TO BE SOLVEDl To miniaturize a branching 
filter device, and to stabilize the filter characteristics. 
SOLUTION: This branching>filter device is provided with two 
surface acoustic wave filters living different band center 
frequencies and a line patter^pr matching the phases of the 
two surface acoustic wave filters. This device is also provided 
with a wire bonding pad layer on which a plurality of pads 
including a pad for connectinj^the line pattern to a terminal on 
each surface acoustic wave filter and for connecting the line 
pattern to a common terminalponnected to an external antenna 

snnected to one surface acoustic 

i of the line pattern and a 
Smmon terminal and the second 
\ formed at the most isolated 
^d layer. 



are formed. Then, a first padf? 
wave filter and the first edge*j| 
second pad connected to the \ 
edge part of the line pattern i 
positions in the wire bonding 
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[0001] This application is related to Japanese Patent Application No. 2001-034109 filed in Feb. 9, 2001, whose priority 
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claimed under 35 USC [sectiomjfi 19, the disclosure of which is incorporated by reference in its entirety. 
BACKGROUND OF THE INVENTION 



[0002] 1. Field of the Invention 



I 



[0003] The present invention reflates to a duplexer device and particularly a duplexer device using a surface acoustic wa\ 
[0004] 2. Description of the Related Art 

[0005] Recently, a mobile phone and a mobile information terminal have been quickly spread with development of mobi 
communication systems and haye been demanded to have a small size and high performance. 

[0006] The radio frequency in use covers wide bands, for example, from 800 MHz to 1 GHz bands and from 1.5 to 2.0 C 
bands. || 

[0007] In the recent development of a mobile phone, terminals have been developed to have high functionality, for exam 
dual mode (e.g., a combmationgf an analog mode and a digital mode, or a combination of digital modes, i.e., a TDMA ( 
division multiple access) mode^nd a CDMA (code division multiple access) mode and a dual band (e.g., a combination 
800 MHz band and a 1 .9 GHz band, or a combination of a 900 MHz band and a 1 .8 GHz band or a 1 .5 GHz band). 
[0008] Along with the trend, paits used in a mobile phone (such as a filter) are also demanded to have high functionality 
addition to the demand of highmuictionality, a small size and a low production cost are also demanded. 
[0009] The mobile communication apparatus utilizes an antenna duplexer in an RF section branching and generating sig 
transmitted and received throu§| an antenna. 

[0010] FIG. 36 is a block diagram showing a radio frequency section of conventionally used mobile phone. 
[001 1] An audio signal 100 inputs from a microphone are converted to a modulated signal of the modulation system of t 
mobile phone system by a modulator 101 and then converted to a designated carrier frequency by a local oscillator 108. 
Thereafter, the signal passes thorough an interstage filter 102, which selects only a signal having the prescribed transmiss: 
frequency, and then amplified Iff a desired signal intensity by a power amplifier 103, and transmitted to an antenna duple 
The antenna duplexer 105 transits only the signals of the designated transmission frequency to an antenna 104, and the 
antenna 104 transmits the sign^as a radio signal into the air. 

[0012] On the other hand, a signal received by the antenna 104 is transmitted to the antenna duplexer 105 to select only i 
of a designated frequency. Thelsfelected signal is amplified by a low-noise amplifier 106 and transmitted to an IF filter 1 
through an interstage filter lOlM&nd only a message signal is selected by the IF filter 110. The signal is transmitted to a 
demodulator 111 and taken purees an audio signal 100. The antenna duplexer 105 is positioned between the antenna 104 
so-called audio signal process^ circuit and has such a function that the transmission signal and the reception signal are 
distributed to prevent interfere^& of them. 

[0013] The antenna duplexer necessarily has at least a transmission filter and a reception filter, and in order to prevent 
interference of the transmissiorwlignal and the reception signal, it also has a matching circuit, which is also referred to as 
matching circuit or a line pattej||for phase matching. 

[0014] The antenna duplexer f&Gfa highly functional terminal includes a complex duplexer with a dielectric material or a 
acoustic wave filter using a dilgfctric material on at least one part, and a constitution containing only a surface acoustic i 
filter. A duplexer using a dielectric material has a large size and is difficult to make a mobile terminal small and thin. 
[0015] Even the case using a surface acoustic wave duplexer on one part, the size of the dielectric material device prevei 
mobile terminal from having a small and thin size. 

[0016] A conventional duplexeffusing a surface acoustic wave filter includes a module type comprising a printed circuit 
carrying separate filters and a rrfatching circuit, and a one-piece type comprising filter chips for transmission and receptii 
mounted in a multi-layer ceranfic package and a matching circuit provided inside the package. 

[0017] The duplexer of these t^es can be reduced in volume by a ratio of about from 1/3 to 1/15 and in height by a ratic 
about from 1/2 to 1/3 in comparison to the duplexer using a dielectric material. The cost of the duplexer can be equivalei 
dielectric material device by usjng the surface acoustic wave device and reducing the size of the device. 
[0018] In order to cope with thMlemand for further reduction in size, which will arise in future, it is necessary to use the 
structure using a multi-layer c^glmics package described in Japanese Unexamined Patent Publication No. Hei 10(1998)- 
and is also necessary to form t^yft, filters on one chip and to apply a flip chip mounting technique using no wire connectk 
any case, two components, i.e.^a duplexer package capable of being airtightly sealed, which carries two surface acoustic 
and a matching circuit for constituting the duplexer with the two filters, are necessary. 

[0019] The matching circuit is formed by arranging a line pattern having a prescribed length in one layer in a package hz 
multi-layer structure. W 

[0020] In order to satisfy the demanded characteristics as a duplexer and to cope with the demand of reduction in the sizi 
duplexer package, the arrangement of the line pattern of the matching circuit is necessarily considered. 
[0021] Particularly, in the case^vhere the line pattern and external connection terminals (wire bonding pads) of a duplexi 
package are arranged closely, tlijere is a problem in that sufficient isolation cannot be ensured, and the depression characi 
outside the pass bands of the two surface acoustic filters constituting the duplexer are deteriorated. 

& 

SUMMARY OF THE INVENTION 

[0022] The invention is duplex!? device in that isolation between a line pattern of a matching circuit and signal terminals 
duplexer package is sufrlcientjwensured, so as to stabilize the characteristics of the duplexer. 

[0023] The invention relates t<wduplexer device comprising two surface acoustic wave filters having band center frequt 
different from each other and gone pattern for matching phases of the two surface acoustic wave filters, wherein provide 
wire bonding pad layer havmgBplurality of pads including pads for connecting the line pattern with terminals on the sui 
acoustic wave filters and padsSgr connecting a common terminal connected to an external antenna with the line pattern; 
first pad connecting one of thdBgrface acoustic wave filters and a first end of the line pattern and a second pad connectin 
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common terminal and a secon^id of the line pattern being arranged at positions that are the most distant from each oth 
the wire bonding pad layer. ^ 
[0024] The invention also relateis to a duplexer device comprising two surface acoustic wave filters having band center 
frequencies different from eachjpther and a line pattern for matching phases of the two surface acoustic wave filters, wh< 
provided are: a wire bonding pad layer having a plurality of pads including pads for connecting the line pattern with tern 
on the surface acoustic wave fi|&rs and pads for connecting a common terminal connected to an external antenna with tt 
pattern; a line pattern layer loc^d below the wire bonding pad layer, the line pattern layer having the line pattern; and a 
external connection terminal layer located below the line pattern layer, the external connection terminal layer having an • 
connection terminal for correcting the surface acoustic wave filters with an external circuit, the line pattern layer being : 
so that a distance dS between a#oint in the line pattern layer, at which a path connecting the terminal on the surface acoi 



wave filter with the external comiection terminal intersects the line pattern layer, and anarbitrary point on the line patter 



to a prescribed value or more. 
[0025] According to the inveni 
can be provided 




, a duplexer device of a small size stabilizing the depression characteristics of the cour 



DRAWINGS 
diagram of the duplexer according to the invention, 
diagram of an embodiment of the duplexer according to the invention, 
frequency characteristics of two SAW filters used in the duplexer according to the inv< 
s sectional view showing a cross sectional structure of an embodiment of the duplexer < 



BRIEF DESCRIPTION OF ' 
[0026] FIG. 1 is a schematic bf 
[0027] FIG. 2 is a schematic b| 
[0028] FIG. 3 is a graph show! 
[0029] FIG. 4 is a schematic ct 
according to the invention. 

[0030] FIG. 5 is a plane view slowing a plane structure of a wire bonding pad layer of the duplexer device according to 
invention. M 

[003 1] FIG. 6 is a plane view ^wing a plane structure of a line pattern layer of the duplexer device according to the hn 
[0032] FIG. 7 is a schematic cfetrit diagram showing the duplexer using ladder type SAW filters according to the invent 
[0033] FIG. 8 is a plane view sfbwing a plane structure of a wire bonding pad layer of a duplexer device that is not used 
invention. W 

[0034] FIG. 9 is a plane view snowing a plane structure of a line pattern layer corresponding to FIG. 8. 
[0035] FIG. 10 is a graph showing the relationship between the minimum distance dS and the isolation (dB) in a blank p 
in the invention. $|| 

the relationship between the distance d to the line pattern and the isolation (dB) in a b 



[0036] FIG. 1 1 is a graph show,; 
package in the invention. $ 
[0037] FIG. 12 is an explanatoi^ 
layer of the duplexer device ac| 
[0038] FIG. 13 is a graph siuy 
[0039] FIG. 14 is a schematic 
13. 



Idiagram showing the distance d in an embodiment of the plane structure of the line pari 
^ding to the invention. 

frequency characteristics of an embodiment of a conventional duplexer device, 
le view of a plane structure of a line pattern of the conventional duplexer device showi 



[0040] FIG. 15 is a graph showing frequency characteristics of a duplexer device in the case where a pad connected to a 
pattern is not arranged in an optimum manner. 

[0041] FIG. 16 is a plane view Rowing a plane structure of a line pattern layer in the case where a pad connected to a lii 
pattern is not arranged in an op|j|pum manner. 

[0042] FIG. 17 is a graph showmg frequency characteristics of an embodiment of the duplexer device according to the 
invention. M 

[0043] FIG. 18 is a plane view Rowing a plane structure of an embodiment of the line pattern layer according to the inv« 
[0044] FIG. 19 is a graph shovjpg frequency characteristics of an embodiment of the duplexer device according to the 
invention. 

[0045] FIG. 20 is a plane view^owing a plane structure of an embodiment of the line pattern layer according to the inv« 
[0046] FIG. 21 is a schematic crass sectional view showing a cross sectional structure of an embodiment of the duplexer 
according to the invention. 4 

1(c) are plane views showing plane structures of respective layers of the duplexer device 
in FIG. 21. 

the relationship between the minimum distance dS and the isolation (dB) in a blank p 



[0047] FIGS. 22(a), 22(b) and 
according to the invention sho 1 
[0048] FIG. 23 is a graph sho 1 
in the invention. 
[0049] FIG. 24 is a schematic 



;oJss sectional view showing a cross sectional structure of an embodiment of the duplexer 



according to the invention. 

[0050] FIGS. 25(a), 25(b) and Ml c ) are plane views showing plane structures of respective layers of the duplexer device 
according to the invention shovjpin FIG. 24. 

[0051] FIG. 26 is a plane view^>wing a plane structure where a line pattern and a common lead line are formed on the 
layer (line pattern layer). 

[0052] FIG. 27 is a graph showmg the relationship between the minimum distance dS and the isolation (dB) in a blank p 
in the invention. M 

[0053] FIG. 28 is a schematic cross sectional view showing a cross sectional structure of an embodiment of the duplexer 
according to the invention. $v 

[0054] FIGS. 29(a) and 29(b) are 1 plane views showing plane structures of a die attach layer of a conventional duplexer d 
[0055] FIGS. 30(a) and 30(b) ariplane views showing plane structures of a die attach layer of the duplexer device accor 
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the invention. jfi 

[0056] FIG. 3 1 is a graph shoving a resistance value of a line pattern in the die attach layer. 

[0057] FIGS. 32(a), 32(b) and ^(c) are plane views showing embodiments of the wire bonding pad layer according to tl 
invention. 

[0058] FIGS. 33(a) and 33(b) ^ plane views showing embodiments of the wire bonding pad layer according to the inve 
[0059] FIGS. 34(a), 34(b), 34(<|[and 34(d) are plane views showing embodiments of the wire bonding pad layer accordu 
invention. 

[0060] FIGS. 35(a), 35(b), 35(^^nd 35(d) are plane views showing embodiments of the wire bonding pad layer accordij 
invention. 

[0061] FIG. 36 is a constitution^ block diagram showing a radio frequency section of a conventional mobile phone. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0062] It is preferred in the invgpion that the wire bonding pad layer has a rectangular space in a substantial center there 
which the two surface acoustic*wave filters are mounted, and the rectangular space is surrounded by the plural pads, whc 
first pad and the second pad arefarranged at diagonal corners with the rectangular space intervening therebetween. 
[0063] It is also possible that the; common terminal is formed in the external connection terminal layer, and a common te 
lead line for connecting the second pad and the common terminal is formed in a layer different from the line pattern laye 
[0064] In particular, the common terminal lead line may be formed in the wire bonding pad layer and may be formed in 
below the line pattern layer. According to the configuration, isolation between the line pattern and the external connectic 
terminal can be improved. 

[0065] A common GND layer having a GND pattern formed therein may be provided between the layer having the comi 
terminal lead line formed therein and the line pattern layer. 

[0066] From the standpoint of fSjbventing influences of external noise, side surfaces of the foregoing layers may be cove 
the GND layer. W 

[0067] It is also possible that a^e attach layer for mounting the surface acoustic wave filters is provided below the wire 
bonding pad layer but above the^line pattern layer, a die attach pattern for connecting the surface acoustic wave filters to 
is formed as patterns divided into two or more of the die attach layer, and the divided die attach patterns are in contact w 
surface acoustic wave filters through a paste. 

[0068] It is preferred that the pUjpl pads formed on the wire bonding pad layer are formed to have a predetermined dista 
from each other. 3 

[0069] In order to obtain good ||equency characteristics of the duplexer, the predetermined distance is preferably 0.3 mn 
more and is smaller than the rectangular space for mounting the surface acoustic wave filters. 

[0070] The distance dS may sate$fy 1.075 mm<=dS in a duplexer device having a size of 5 mm (width)* 5 mm (length)* 
(height) in order to obtain goodfpepression characteristics. 

[0071] The invention will be ascribed in more detail with reference to embodiments shown by the drawings, but the in\ 
is not construed as being limit^thereto. 

[0072] FIG. 1 is a schematic block diagram of the duplexer according to the invention. 

[0073] The duplexer comprisesTSvo SAW filters 2 (Fl) and 3 (F2) and one matching circuit 1 and also has a common tei 
TO connected to an antenna anSgxtemal connection terminals Tl and T2 for input and output connected to an external c 
[0074] A surface acoustic wavgffilter (hereinafter referred to as a SAW filter) combining surface acoustic wave resonato 
used as the filters Fl and F2 frim the standpoint of miniaturization and demanded performance. 

[0075] The matching circuit 1 ^provided between the common terminal TO and the SAW filters in order to reduce inter 
between the two SAW filters to^btain the desired filter characteristics. While the matching circuit 1 may be provided be 
the common terminal TO and th|pfilter Fl and between the common terminal TO and the filter F2, respectively, it is prefe 
that only one matching circuit jsjfprovided between the common terminal TO and one of the filters from the standpoint of 
miniaturization. In the followin||description, the case will be exemplified where the matching circuit is provided betwee 
common terminal TO and the filler F2. 

[0076] FIG. 2 is a schematic b^k diagram of an embodiment of the duplexer according to the invention, in which the n 
circuit 1 is provided between uWcommon terminal TO and the filter F2. 

[0077] As it will be described later, the symbols starting with FP denote wiring pads on the side surface of the package ( 
pads), the symbols starting withWP denote wire bonding pads in the wire bonding pad layer (wire pads, hereinafter som 
simply referred to as pads), and^the symbols IN and OUT denote connection terminals arranged on the filter chips 2 and 
respectively. (jj 

[0078] The matching circuit 1 ^generally formed with a material containing tungsten or copper as the main component 
form of a long line having a prescribed length. The matching circuit 1 has a width of about from 0.1 to 0.2 mm and a lin< 
of about several tens mm, and the line length is determined by the relationship with the center frequency of the demande 
filter. In the following embodiments, the matching pattern 1 is sometimes called as a line pattern, which has two ends, ar 
end of the line pattern (first encMis referred to as LP1, whereas the other end (second end) is referred to as LP2. 
[0079] FIG. 3 is a graph showmg the frequency characteristics of the two SAW filters Fl and F2 used in the duplexer ac 
to the invention. The SAW filter Fl and F2 have band center frequencies different from each other (F1<F2), and for exi 
can be fabricated in such a manner that the band center frequency of the SAW filter Fl is 836 MHz, and the band center 
frequency of the SAW filter F2 is 88 1 MHz. 

[0080] FIG. 4 is a schematic cr^ss sectional view showing a cross sectional structure of an embodiment of the duplexer j 
having the SAW filters according to the invention. In this embodiment, the duplexer package has a multilayer structure 
comprising five layers (LI to 1^. While the number of layers constituting the multilayer structure is not particularly lim 
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is advantageous that the mimb|prf layers is smaller from the standpoint of reduction in height. 

[0081] Alumina or glass ceramics having a dielectric constant [epsilon] of about 9.5 is used as a material constituting the 
respective layers (layers LI to L5). The line pattern 1 of the matching circuit and the GND pattern 13 are formed among 
layers. *f 

[0082] 2] In FIG. 4, the upper surface of the layer LI is referred to as a cap mounting layer 4, the surface of the layer L2 
between the layer LI and the laver L2 is referred to as a wire bonding pad layer 5, the surface of the layer L3 between thi 
L2 and the layer L3 is referred to as a die attach layer 6, the surface of the layer L4 between the layer L3 and the layer L- 
referred to as a line pattern layer*7, the surface of the layer L5 between the layer L4 and the layer L5 is referred to as a ci 
GND layer 8, and the lower surface of the layer L5 is referred to as a foot pattern layer 9. lsqb;0082] 
[0083] A side castellation 10 isjfprmed to cover a part of the upper surface of the layer LI, a part of the lower surface of 
layer L5 and the side surfaces dfjjjfhe respective layers. The side castellation is formed to prevent invasion of external noi 
the interior of the filter. m 

[0084] The line pattern i and the SAW filters are connected to the common terminal TO and the external connection tern 
Tl and T2 through the side castellation 10. 

[0085] A cap 12 for protecting' tfie filters 2 and 3 inside is arranged on the layer LI as the uppermost layer. The cap 12 is 
produced with a metallic material, such as Au plating and Ni plating, or a ceramic material similar to the package. 
[0086] The layer L 1 functions as*a frame for mounting the cap 12. 

[0087] The surface of the layerf02 is a layer for connecting the terminals on the SAW filters 2 and 3 with the duplexer p. 
and so-called wire bonding pads are arranged thereon. The pads (terminals) provided on the surface of the wire bonding 
layer 5 (corresponding to the p^s WP3, WP5, WP8 and WP10 in FIG. 2) are connected to the terminals (IN and OUT) < 
SAW filters through a wire 1 1 .iff, 

[0088] The terminals and the interconnection patterns on the surface of the layer L2 are formed by subjecting the surface 
electroconductive material, suchfas tungsten, Cu and Ag, to an Au plating treatment. The wire 1 1 can be formed with an 
appropriate material, such as Aj|Si. 

[0089] The filter chips 2 and 3||e arranged on the surface of the layer L3 (die attach layer 6) by adhesion with a die atta 
pattern 14 and a paste 15 (elecfeconductive or non-electroconductive). 

[0090] The line pattern 1 of thematching circuit is formed on the surface of the layer L4 (line pattern layer 7). While the 
pattern 1 is indicated by eight rjctangles in FIG. 4, it is actually one continuous line. 

[0091] The line pattern is formMon the line pattern layer 7 as an electroconductive pattern having a total length of abou 
[lambda]/4 and a width of aboig&T>m 80 to 120 [mu]m throughout the length. The line pattern is formed on a layer abov 
common GND layer 8. It may fpformed on the layer directly on the common GND layer 8 or may be formed as divided 
plural layers above the common|GND layer. 

[0092] The common GND layelts is formed with a GND pattern 13 for shielding except for the pattern section of the sid 
castellation 10 on the side surface for the signal. 

[0093] The common GND P a ttgjn 13 may be formed with tungsten or copper as similar to the line pattern 1. 

[0094] The materials used as th^rcommon GND pattern and the line pattern are necessarily selected with consideration o 

baking temperature of the package material. 

[0095] In the case where alumiifa is used as the package material, tungsten is preferably used since the baking temperatu 
alumina is about l,600[deg.] 

[0096] In the case where glass ceramics are used as the package material, on the other hand, copper is preferably used su 
baking temperature thereof is arjout 950[deg.] C. Because copper has a lower resistance than tungsten, the insertion loss 
(transmission intensity) among me frequency characteristics of the duplexer becomes satisfactory. 
[0097] The exposed part of the GND pattern 13 and the like are preferably subjected to an oxidation preventing treatmer 
therefore films of nickel and gold may be formed on copper in this order. Nickel is used herein to improve adhesion pror 
between copper and gold. W 

[0098] The common terminal Tfjfand the external connection terminals Tl and T2 are provided on the external connectk 
terminal layer (foot pattern layejl 9. These terminals TO, Tl and T2 are electrically connected to the terminals FP5, FP8 
shown in FIG. 2, respectively, fnfough the side castellation 10. 

[0099] FIG. 5 is a plane view from the above showing the duplexer package of this embodiment of the invention. 
[0100] FIG. 5 is such a plane vigw that the cap 12 is removed from the cross sectional view shown in FIG. 4 and is to mj 
indicate the plane structure of tH| wire bonding pad layer 5. The figure shows the state where the two surface acoustic w 
filter chips Fl and F2, which ar||formed into one package, are arranged in the cavity in the substantial center. 
[0101] That is, the wire bonding^ad layer 5 has a rectangular space in the substantial center for mounting the SAW filte 
pads are arranged to surround the rectangular space. While ten pads (WP1 to WP10) are shown in FIG. 5, the number of 
not limited thereto. 

[0102] In FIG. 5, the terminals fienoted by the symbols starting with FP, the terminals denoted by the symbols starting w 

and OUT and IN of the filter chips are of the same meaning as in the constitutional blocks shown in FIG. 2. 

[0103] FIG. 6 is a plane view sowing an embodiment of the pattern shape of the line pattern 1 formed on the line patter 

[0104] The end LP1 of the line^attern 1 and the pad WP5 in FIG. 5 are electrically connected through a via hole penetrc 
layers (the layer L2 and the lay^L3), and the end LP2 and the pad WP 10 in FIG. 5 are electrically connected through a 
penetrating the layers (the layerap and the layer L3). 

[0105] The term "electrically ejected" will be described. For example, the external connection terminal Tl shown in I 
on the foot pattern layer 9, andjSSs connected to the terminal FP8 shown in FIG. 2 and FIG. 5 on the wire bonding pad 1; 
through the side castellation 10ja|d is further connected to the wire bonding pad WP8 through an interconnection patten 
[0106] The pad WP8 and the terafinal IN on the surface acoustic wave filter chip Fl are connected through the wire 11. 
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[0107] Similarly, the terminal W in FIG. 2 is connected to the terminal FP2 in FIG. 5 through the side castellation 10 an 
further connected to the pad wjp through an interconnection pattern, so as to connect to the terminal OUT on the surfac 
acoustic wave filter F2. .\ ; 

[0108] The common terminal TQ is connected to the terminal FP5 on the wire bonding pad layer 5 through the side caste 
10 and is further connected to the pad WPS through a common terminal lead line 20, so as to connect to the terminal OU 
the surface acoustic wave filter^ 1. 

[0109] In the duplexer packagrhaving such a constitution according to the invention, the external size thereof can be 5.C 
*5.0 (length)* 1.5 mm (height) ig the case of a duplexer for the 800 MHz band. 

[0110] Since the size of the dugfexer package that has been conventionally used in a mobile phone is about 9.5 (width)*' 
(Iength)*2. 1 (height), the duplexer package of the invention realizes miniaturization of about 25%. 
[01 1 1] The size of a duplexer for a 1.9 GHz band can be reduced to about 3.8 (width)*3.8 (length)* 1.5 (height), which i< 
14% of the size of the conventional duplexer package. In the following examples, the constitution of a duplexer package 
a miniaturized size of 5.0*5.0*ip5 mm will be described unless otherwise indicated. 

[0112] The surface acoustic fil|g: chips 2 and 3 each is of a ladder type design, in which one-port surface acoustic wave 

jtier form (see FIG. 7), and the material for the substrate is LiTa03 (for example, 42[deg 
ijiterial is an alloy containing Al as the main component (such as AI-Cu and Al-Mg) and 
'Cu/Al-Cu, Al/Cu/Al, Al/Mg/Al and Al-Mg/Mg/Al-Mg) formed by sputtering, which is 



of the line pattern 1 with the wire bonding pads and the terminals arranged on the win 
le characteristic features of the invention, will be described, 
^invention shown in FIG. 5, the pads connected to the both ends (LP1 and LP2) of the lin 
matching pads) in the wire bonding pad layer 5 are WP5 and WP10, and both the ma 
t diagonal corners with the rectangular space for mounting the filter chips interveninj 




resonators are connected in a 1; 
X-propagation). The electrode 
layer film thereof (such as Al-i 
patterned by exposure and etc] 
[0113] The positional relation: 
bonding layer 5, which is one 
[01 14] In an embodiment of th 
pattern 1 (hereinafter referred 
pads are arranged at the most 
therebetween. 

[01 15] In other words, the mai 
pads arranged on the wire bon< 
LP1 and LP2 of the line parte: 
through the via holes. The pad 



g pads WP5 and WP10 are formed at the positions most distant from each other amor 
'g pad layer 5. The matching pads WP5 and WP10 are arranged immediately above the 
i, respectively, so as to electrically connect the matching pads and the ends of the line p; 
/P5 is connected to the end LP1, and the pad WP10 is connected to the end LP2. 
[01 16] In FIG. 6, the total lengtH of the line pattern of this embodiment of the invention is about [lambda]/4 ([lambda]=C 
C=Co/{square root} [epsilon], dp=3* 10<8 >m/s). The total length of the line pattern is determined by the center frequen 
pass band of the filter and the characteristics impedance value of the pattern. 

[0117] The minimum distance ||l between the line pattern and the terminal (FP8 in FIG. 6) connected to the external 
connection terminal Tl on the sjle of the surface acoustic wave filter Fl in the embodiment of the invention shown in F] 
will be described. In the arrangement of the line pattern 1 shown in FIG. 6, the distance between FP8 and the folded corr 
becomes the minimum distances 1. 

[0118] Similarly, the minimum® stance dS2 between the line pattern and the terminal (FP2 in FIG. 6) connected to the € 
connection terminal T2 on the sffle of the surface acoustic wave filter F2 becomes the distance from FP2 to the folded co 
shown in FIG. 6. For example, vjhile it is general that dSodS2, it is possible in this embodiment that dSl=dS2=about 1 
Hereinafter, the two minimum distances dSl and dS2 are represented by dS. 

[01 19] In other words, the distanfce dS is defined as the minimum distance that is the distance between the point FP8, at 1 
the path connecting the extemaS^onnection terminals Tl and T2 on the foot pattern layer 9 with the terminals IN and Ol 
the SAW filters intersects the l||te pattern layer 7, and an arbitrary point on the line pattern 1. 

[0120] For comparison, an arrangement of pads and a line pattern mat are not used in the invention are shown in FIGS, f 
[0121] FIG. 8 shows the arrangement of the pads on the wire bonding layer, in which the matching pads connected to thi 
LP1 and LP2 of the line patterrM are arranged at the positions of WP9 and WP4 inside WP10 and WP5. 
[0122] When the line pattern ljf arranged in the form shown in FIG. 9, the minimum distances dSl and dS2 from the te 
FP8 and FP2 to the line patterrSare those shown in the figure. 

[0123] The total length of the Iifle pattern 1 herein is the same as that shown in FIG. 6. In this case, the minimum distanc 
for example, dSl=dS2=about mm. Therefore, it is understood that both the minimum distances dSl and dS2 of the li 
pattern of the invention shownteFIG. 6 can be larger than those of the line pattern not involved in the invention shown 
9. As described later, the distarjres dS 1 and dS2 are preferably as long as possible in order to obtain sufficiently isolatior 
to realize good depression charMteristics among the frequency characteristics of the duplexer. 

[0124] In the case shown in Flwfci the line 20 connecting the pad WP5 to the connection terminal FP5 to the common t 
TO can be shorter than the line^ shown in FIG. 8. 

[0125] It has been known that tni depression characteristics of the duplexer are deteriorated when the isolation between 
external connection terminals and T2 and the line pattern 1 is poor. When the distance of them is too short, the isolati 
deteriorated to fail to satisfy meglesired depression characteristics. 

[0126] Therefore, in order to ODjiiin desired good depression characteristics of the duplexer, it is preferred that the distan 
the external connection tennm|pTl and T2 and the terminals FP8 and FP2 connected to the terminals Tl and T2 to an z 
point of the line pattern 1 is asralge as possible. In other words, the isolation between the external connection terminals 
T2 and the line pattern 1 can be^unproved when the minimum distances dSl and dS2 are as large as possible. 
[0127] FIG. 5 shows the case where ten wire bonding pads in total connected to the terminals on the surface acoustic wa 
filters and the like are arrangedfbut the arrangement of the ends LP1 and LP2 of the line pattern and the pads connected 
can be considered other than th^two embodiments shown in FIGS. 6 and 9. While possible arrangements will be describ 
the minimum distances dSl anofdS2 shown in FIG. 6 can be the longest in the case where the matching pads connected 1 
ends LP1 and LP2 of the line pattern are arranged at the diagonal corners with the rectangular space intervening therebet 
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and the matching pads are arran|ed at such positions that the distances to the connection pads FP8 and FP2 to the extern 
connection terminal Tl and T2jbecomes the largest, as shown in FIG. 5. ^ 
[0128] Even when minimum distances dSl and dS2 that are equivalent to those shown in FIG. 6 can be obtained in othei 
possible arrangements, there abases where another factor of deteriorating the isolation may arise by the other arrangen 
the pattern, for example, the leflSh of the line 20 for connecting the terminal FP5 to the common terminal TO on the win 
bonding layer necessarily becomes long as shown in FIG. 8. 

[0129] Accordingly, it is prefe^l to realize good isolation between the line pattern and the external connection termina 
invention that the matching paoWconnected to the ends LP1 and LP2 of the line pattern are arranged at such positions thj 
least satisfy one of the followuf^conditions. 

[0130] (1) The two matching pajcls are arranged at the diagonal corners of the rectangular space for mounting the filter cl 
intervening therebetween on th||vire bonding layer, whereby the slant distance between the matching pads are the large! 
[0131] (2) The matching pads age arranged at such positions that the slant distances to the connection terminals to the ex 
connection terminals in the wirlffionding layer become the largest. 
[0132] It is more preferred tha jS pth the conditions be satisfied. 

[0133] With respect to the seccip condition (2), it is preferred that in the line pattern layer 7, the distance dS between th« 
which the path connecting the external connection terminals with the terminals on the SAW filters intersects the line pati 
layer 7, and an arbitrary point o&the line pattern 1 is as large as possible, and in order to satisfy the demanded specificat 
distance dS is necessarily at least a prescribed value determined by the specification. 

[0134] FIG. 10 is a graph showing the relationship between the minimum distance dS (dSl and dS2) and the isolation (d 
between the common terminal TO and the external connection terminals Tl and T2 in a blank package having no filter cl 
mounted. ^ 

[0135] Herein, a shorter minimum distance dS (dSl and dS2) provides poor isolation, whereas a larger minimum distanc 
provides good isolation. For example, when there is a demanded design specification calling for isolation of -50 dB or m 
minimum distance dS (dSl and||S2) is necessarily 1 .075 mm or more. 

[0136] It has been found that thlfisolation (dB) varies depending on the arrangement of the line pattern even when the m 
distances dSl and dS2 are seleSfe'd to maintain good isolation. 

[0137] That is, with respect to trie distance between the terminals FP8 and FP2 to the line pattern, when the next smalles 
distance to the minimum distance dS (dSl and dS2) is referred to "d", it has been found that the isolation (dB) becomes j 
when the distance d is made as large as possible. 

[0138] In the graph shown in Flj|. 10, the point A indicates the case where the distance d is 1.4 mm, and the point B ind 
the case where the distance d is|L15 mm. According to these, the isolation (dB) is improved when the distance d is large 
[0139] FIG. 12 is an explanato^diagram showing the second smallest distance d (d>dSl and dS2) between the terminal 
and FP2 connected to the external connection terminals Tl and T2 and the line pattern in an embodiment. 
[0140] This is a graph showing^e isolation with variation of the distance d (d>dSl and dS2) in the case shown in FIG. 
where the minimum distances dgl and dS2 are 1.13 mm. 

[0141] According to FIG. 1 1, tfij| graph extends in a substantially straight line, and the isolation is poor when the distanc 
smaller but is good when it is larger. 

[0142] For example, in order tcMbtain isolation of -50 dB or more, the line pattern is necessarily arranged to provide a d 
d of 1 .075 mm or more. gg, 

[0143] The filter characteristicsli.e., the frequency (MHz) pass intensity (dB), of the duplexer package will be described 
[0144] FIG. 13 is a graph show]ffi* the filter characteristics of the duplexer package having been conventionally used. Th 
conventional duplexer packageMs a size of 9.5 mm (width)*7.5 mm (length)*2.1 mm (height), which is considerably la 
than the duplexer package acccjmng to the invention. 

[0145] FIG. 14 is a plane viewllpwing a line pattern 1 of a line pattern layer 7 of the conventional duplexer package. 
[0146] In FIG. 14, the distancesjis and d between the terminal connected to the external connection terminal Tl of the f 
and the line pattern 1 are 1.5 minfand 1.6 mm, respectively, which are larger than the case of the invention. 
[0147] This is because the size ©the conventional duplexer package is certainly larger than the invention, and the distar 
and d can be made large. In othjrawords, the conventional product exhibits sufficient isolation, i.e., a depression degree < 
transmission filter of -52 dB aitfpie depression degree on the reception filter of -46 dB as shown in FIG. 13, but the size 
duplexer package is large as thexompensation thereof. 

[0148] FIG. 15 and FIG. 16 are^ graph showing frequency characteristics and a plane showing a line pattern shape of a 
pattern layer of a duplexer device in that the size of the duplexer package is the same as the duplexer package of the inve 
mm (width)* 5 mm (length)), bufcthe optimum arrangement of the wire bonding pads is not considered. 
[0149] In FIG. 16, the distancesldS and d between the terminal FP8 connected to the external connection terminal Tl ant 
line pattern 1 are 0.5 mm and 0.|mm, respectively, which are considerably smaller than the case shown in FIG. 6 accorc 
the invention. m 

[0150] In FIG. 15, the depressi^degree on the transmission filter side is -42 dB, and the depression degree on the recep 
filter side is -37 dB, which are considerably deteriorated in comparison to the conventional product shown in FIG. 13. In 
words, in the embodiment shov^ttin FIG. 16, the isolation is insufficient due to the small distances dS and d to provide p 
depression degrees outside the {Iks band even though the package is miniaturized. 

[0151] The filter characteristics^ the duplexer package according to the invention will be described below. 

[0152] FIG. 17 is a graph showing filter characteristics of the duplexer device according to the invention, in which the 

arrangement of the pads is considered as shown in FIG. 5. 

[0153] FIG. 18 is a plane view sowing the plane structure of the line pattern layer 7 corresponding to the embodiment s 
FIG. 17. Herein, the distance dS|i's 0.9 mm, the distance d is 1.2 mm, and the size of the duplexer package is 5 mm*5 mr 



mm. 
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[0154] According to FIG. 17, ^ depression degree on the transmission filter is -47 dB, and the depression degree on the 
reception filter is -39 dB, which are poor in comparison to the conventional product shown in FIG. 13, but are good in 
comparison to the embodimentshown in FIG. 15, in which only the size of the duplexer package is simply miniaturized. 
[0155] Accordingly, when the sizes of the duplexer packages is constant, the isolation is improved when the arrangemen 
wire bonding pads is considered to make the distances dS and d larger as in FIG. 18, whereby the depression degree is 
improved. 

[0156] FIGS. 19 and 20 show an embodiment of the invention where the distances dS and d are made further larger than 
case of FIG. 18. # 

[0 1 57] FIG. 19 is a graph showing the filter characteristics of the duplexer package according to the invention, and FIG. 
plane view showing the pattern|shape of the line pattern where the distances dS and d are larger while the total length of 
pattern is 35 mm, which is the sime as the case of FIG. 18. 

[0158] Herein, the minimum djpance dS is 1.1 mm, the distance d is 1.4 mm, and the size of the duplexer package is 5 n 
mm* 1.5 mm. 

[0159] According to FIG. 19, trV# depression degree on the transmission filter is -55 dB, and the depression degree on the 
reception filter is -43 dB. It is understood that the depression degree is largely improved in comparison to the duplexer p 
shown in FIGS. 15 and 17, and*the depression degree on the transmission filter is better than the conventional product sh 
FIG. 13. g 

[0160] That is, when the distances dS and d are made large in the miniaturized duplexer package as shown in FIG. 20, th 
isolation is improved and the depression degree is increased. 

[0161] As understood from me^fpregoing description, according to the embodiments of the invention, when the line patt< 
arranged in such a manner that*lie minimum distances dSl and dS2 and the distance d are 1.075 mm or longer and the n 
distances dSl and dS2 satisfy the foregoing conditions, a duplexer package having sufficient isolation and good depressi 
degrees can be obtained. 

[0162] Other embodiments of tfie invention where the isolation is improved will be described below. 
[0163] In the embodiment of tiW invention shown in FIG. 4, the line 20 (which is hereinafter referred to as a common tei 
lead line) connecting the cormejfion terminal FP5 to the common terminal TO and the pad WP5 is present on the wire be 
pad layer 5 (see FIG. 5). W 

[0164] In this case, the layer haping the line pattern 1 formed (i.e., the line pattern layer 7) and the layer having the conn 
terminal lead line 20 formed (iift the wire bonding pad layer 5) are different from each other. 

[0165] An embodiment is to bJBpnsidered where the common terminal lead line 20 is formed on the layer 7 having the 1 
pattern 1 formed. An embodin^nj of the pattern shape of the line pattern layer 7 in this case is shown in FIG. 26. 
[0166] In the embodiment of Fjg. 26, since the common terminal lead line 20 is provided on the same layer as the line p 
the line pattern is necessarily arranged without margin, and therefore the minimum distance dS and the distance d cannoi 
large. In this case, the distance ®S is smaller than the case of FIG. 6 by about 0.18 mm. 

[0167] FIG. 27 is a graph showing the relationship between the distance dS and the isolation characteristics when the pai 
arranged in the manner shown fpFIG. 26. 

[0168] In FIG. 27, the black spots indicate the isolation characteristics of the case shown in FIG. 4, and the white spots L 
the isolation characteristics of the case shown in FIG. 26. The isolation is better in the case where the line pattern 1 and t 
common terminal lead line 20 are not present in the same layer (black spots) than the case where they are present in the j 
layer by about from 6.7 to 9.9 oB, and the depression degree is also good. Therefore, it is preferred that the line pattern 1 
common terminal lead line 20 arte formed on different layers. 

. [0169] While the embodiment sfiown in FIG. 4 ensures isolation of -50 dB or more, the isolation can be further improve* 
providing another layer, i.e., a common terminal lead line layer, below the GND layer 8. This is because it is considered 
common terminal lead line 20 inhuences the isolation characteristics. 

[0170] Another embodiment of?fhe duplexer package according to the invention is shown in FIG. 21. 

[0171] In this embodiment, a ccjiimon terminal lead line layer 21 is provided below the common GND layer 8 as differe 

FIG. 5. The pattern shape of mf§ine pattern 1 is the same as in FIG. 6. 

[0172] FIGS. 22A, 22B and 22CVe plane views showing the surface patterns of the wire bonding pad layer 5, the comn 
GND layer 8 and the common terminal lead line layer 21, respectively. 

[0173] In FIGS. 22 A, 22B and 22C, a pad WP5 of the wire bonding pad layer 5 and an end 23 of the common terminal I 

20 on the common terminal leadline layer 21 are electrically connected through a via hole (at the position 22 on the coir 
GND layer 8) penetrating the laVers. 

[0174] FIG. 23 is a graph showing the relationship between the isolation and the minimum distance dS of a blank packaj 
duplexer of the invention having the constitution shown in FIG. 21. 

[0175] The white spots (CI to in FIG. 23 indicate the case where the common GND layer 8 does not intervene betw 
line pattern 1 and the common ;terminal lead line 20 (see FIG. 4), and the black spots (Dl to D4) in FIG. 23 indicate the i 
where the common GND layer£8^is provided between the line pattern 1 and the common terminal lead line layer 21 in FI 
[0176] It is understood from Fj|j. 23 that since the common terminal lead line layer 21 is provided below the common G 
layer 8, the isolation is improve*! by about from 9 to 14 dB in comparison to the case where the common terminal lead li 

21 is not provided. 

[0177] Furthermore, as shown [2f FIG. 24, common GND layers 8-1 and 8-2 may be formed to sandwich the common tei 
lead line layer 2 1 . 

[0178] FIGS. 25 A, 25B and 25jjj$are plane views showing the surface patterns of the wire bonding pad layer 5, the comn 
GND layer 8-1 and the commojgfterminal lead line layer 21, respectively. In this case, the pad WP5 and the end 23 of the 
common terminal lead line 20 3& electrically connected through a via hole (at the position 22) penetrating the layers. 
[0179] According to the embopftent, since the common terminal lead line layer 21 is sandwiched and shielded by the tv 
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common GND layers 8-1 andfe2, the isolation can be further improved by about from 3 to 5 dB. 

[0180] As still another embodt§fent of the invention, the line pattern of the matching circuit is not formed on one layer b 
formed as divided into plural layers. Since the lengths of the line patterns in the respective layers can be short by dividin 
line pattern into plural layers, the distances dS and d can be made large, and therefore the isolation can be improved. He 
in the case where the line pattern is divided into plural layers, it is preferred that the arrangements of the line patterns of 
layers are differentiated from ea^h other in order to prevent interference of the line patterns of the layers. 
[0181] Four wires are used to pnnect the terminals (IN and OUT) of the filter chips and the wire bonding pads, and whe 
wires are present too closely to#ach other, the depression degree among the filter characteristics is deteriorateddue to 
interference thereof. W 

[0182] Therefore, it is necessar^that the positions of the wire bonding pads are determined under consideration that the 
distances among the wires becorhes as large as possible. 

[0183] From the standpoint ofljhe wires, because the wires from the filter chips are connected to WP3 and WPS in the 
embodiment of the invention shjwn in FIG. 5, it is preferred since the distance between the wires is larger than the embc 
shown in FIG. 8 where the wiregare connected to the pads WP3 and WP4 adjacent to each other. 
[0184] While the entire outer lg^er of the package is covered with the GND to prevent influence of external noise to the 
chips and the matching circuits the embodiment shown in FIG. 4, it is also possible as shown in FIG. 28 that a cap moi 
layer 4 and the GND section ogthe wire bonding pad layer 5 are connected through via holes provided in the layer LI. Ii 
of external noise into the intend pattern can be prevented by the structure. 

[0185] In the case where the fSBk chips are mounted on the die attach pattern 14 on the die attach layer 6 through an 
electroconductive paste 15, th<&He attach pattern 14 is preferably formed to have divided patterns rather than one solid fj 
the standpoint of impedance matching of the matching circuit. 

[0186] The die attach pattern l#is a GND pattern that is connected to the GND pattern of the foot pattern layer 9 as the 
lowermost layer through the sidgcastellation 10. 

[01 87] FIGS. 29 A and 29B arcane views showing the pattern shapes of the die attach layer 6 that have been conventic 
used. FIG. 29 A shows the cas^here the die attach pattern 14 is formed as one solid film pattern, and FIG. 29B shows t 
where the electroconductive paste 15 is coated on the die attach pattern 14. 

[0188] FIGS. 30A and 30B are|pane views showing the pattern shapes of the die attach layer used in the invention. FIG 
shows the case where the die attach pattern 14 is divided into four pieces. FIG. 30B shows the case where the electrocon 
paste 15 is coated on the die attach pattern 14 divided into four pieces. 

[0189] FIG. 31 is a graph showing the relationship between the characteristic impedance value ([Omega]) of the line pat 
the length of the line pattern in (the case where the die attach pattern 14 on the die attach layer 6 is divided into four piec« 
the case where it is not divided^ 

[0190] It is understood from FJjg. 3 1 that the case where the pattern is divided into four pieces exhibits a higher characte 
impedance value in any length.|fo other words, when the die attach pattern 14 is divided, the characteristic impedance vz 
the line pattern is high, and the^bre good impedance matching can be obtained. 

[0191] It is considered that thi||| because of the connection relationship between the die attach pattern 14 and the paste 
paste 15 is used to attach the fiMr chip to the die attach pattern and to prevent breakage of the filter chip caused by the d 
in thermal expansion coefficients between the filter chip and the package base material. For example, the paste 15 may b 
electroconductive or non-electrSconductive and may be formed with a material, such as Ag, Cu and Si. 
[0192] When the die attach pattern 14 is divided, and the connection among the divided pieces of the die attach pattern i; 
achieved only with the electrocSJhductive paste 15, the characteristic impedance value becomes higher than the die attacl 
formed as one solid film. In ot|fb words, because the characteristic impedance value is decreased when the die attach pa 
is formed as one solid film, th^Tie attach pattern 14 interferes with the line pattern 1 to deteriorate the impedance match 
the matching circuit. S 

[0193] The flatness of the filterjghip with respect to the surface of the layer L3 becomes better upon mounting the filter c 
the die attach layer 6 in the casf|where the die attach pattern 14 is divided coated with the electroconductive paste 15, in 
comparison to the case where the electroconductive paste is coated on the solid film not divided. 
[0194] Therefore, the die attacn^pattern 14 is preferably formed as divided shown in FIG. 30 from the standpoint of the 
impedance matching of the matching circuit, the breakage prevention of the filter chip and the parallelism of the filter ch 
number of divided pieces may m -any of two or more. However, when the number of divided pieces is too large, the shaj 
pattern becomes complex and the number of connections to the side castellation is increased, and therefore the number o 
divided pieces is preferably ab||t 4. 

[0195] It is understood from Fjl| 4 that the line pattern 1 is arranged below the die attach pattern 14 on the die attach la] 
has been found that the influenmof the die attach pattern to the impedance of the line pattern is small in the case where' 
of the length of the line pattemWat is encompassed by the region directly below the die attach pattern 14 is 33% or less 
respect to the total length thereof For example, it has been found that the deterioration of the impedance value where the 
about 30% is better by about 1<|| than the case where the ratio is about 70%. Therefore, it is preferred that the pattern si 
formed in such a manner that t^ine pattern does not pass the region directly under the die attach pattern as far as possil 
[0196] The distances among th||jads (such as WP1) on the wire bonding pad layer 5 shown in FIG. 5 and the like will b 
described. ^pr 

[0197] A simulation was conducted what extent the interference among the pads occurred in the case where the distance; 
wire bonding pads was less thart|).3 mm (for example, 0.15 nm) and the case where the distance was 0.3 mm or more (f< 
example, 0.33 mm). ^/ 

[0198] A simulation of an electric current distribution was measured for the respective wire bonding pads where an eleel 
current was applied between the^external connection terminals TO, Tl and T2 and the GND. According to the simulation 
confirmed that interference of electric current influencing the filter characteristics of the duplexer occurred between the ; 
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wire bonding terminals when the distance of the wire bonding pads is less than 0.3 mm, but no conspicuous interference 
electric current is confirmed when the distance is 0.3 mm or more. 

[0199] Therefore, the distance *unong the wire bonding pads is preferably 0.3 mm or more even when a duplexer of a sir 
of about 5*5*1.5 mm is constijmed according to the invention as shown in FIGS. 4 and 5. However, the distance of the \ 
the duplexer of that size is lirnKtai to 0.45 mm at most due to the limitation of the package size. 

[0200] Finally, embodiments osarrangements of the wire bonding pads of the duplexer packages that provide good filter 
characteristics are shown in Flm. 32A to 32C, 33A, 33B, 34A to 34D and 35A to 35D, all of which are plane views she 
the wire bonding pad layer 5 snSsving preferred arrangements of the pad PD1 connected to the end LP1 of the line patter 
the pad PD2 connected to the elp of LP2 of the line pattern 1 . In all the arrangements, the line pattern having a total len£ 
about [lambda]/4 mm can be formed to provide a minimum distance dS of 1.075 mm. 

[0201] FIGS. 33 A and 33B shqjj the cases where two terminals FP4 and FP5 connected to the common terminal TO are 
provided on the side surface. IjMS. 34 A to 34D show the cases where the pads PD 1 and PD2 connected to the line parte 
arranged at the most distant pomions from each other on the same side of the rectangular space for mounting the filters. 
[0202] FIGS. 35A and 35B sh^ embodiments where the direction of the region where the pads are arranged is rotated I 
[deg.] with respect to the embtfpnents of FIGS. 32A to 32C, and FIGS. 35C and 35D show embodiments where the reg 
arranging the pads is provided iff the entire surrounding region of the rectangular space for mounting the filters. 
[0203] According to the invention, because the shape of the line pattern and the arrangement of the pads connected to th» 
pattern formed on the wire bonding pad layer are appropriately configured, a duplexer device can be provided that has a 
size and stable depression characteristics of the counter surface acoustic wave filter in the pass band of the surface acous 
filter. ii 
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What is claimed is: 



1. A duplexer device comprisin^two surface acoustic wave filters having band center frequencies different from each ot 
a line pattern for matching phajes of the two surface acoustic wave filters, 
wherein provided are: w 

a wire bonding pad layer having* a plurality of pads including pads for connecting the line pattern with terminals on the s 
acoustic wave filters and pads for connecting a common terminal connected to an external antenna with the line pattern; 
a first pad connecting one of the|surface acoustic wave filters and a first end of the line pattern and a second pad connect 
common terminal and a second|end of the line pattern being arranged at positions that are the most distant from each oth 
the wire bonding pad layer. 



2. A duplexer device accordin] 
thereof, for mounting therein 
where the first pad and the se< 



3. A duplexer device compris 
a line pattern for matching ph 
wherein provided are: 
a wire bonding pad layer havi 
acoustic wave filters and pads 
a line pattern layer located bel 
an external connection termin; 
external connection terminal f< 




claim 1, wherein the wire bonding pad layer has a rectangular space in a substantial cc 
two surface acoustic wave filters, and the rectangular space is surrounded by the plural 
pad are arranged at diagonal corners with the rectangular space intervening therebetw 



o surface acoustic wave filters having band center frequencies different from each of 
of the two surface acoustic wave filters, 



;a plurality of pads including pads for connecting the line pattern with terminals on the s 
xh* connecting a common terminal connected to an external antenna with the line pattern; 
the wire bonding pad layer, the line pattern layer having the line pattern; and 
yer located below the line pattern layer, the external connection terminal layer having ; 
Connecting the surface acoustic wave filters with an external circuit, 
the line pattern layer being formed so that a distance dS between a point in the line pattern layer, at which a path conned 
terminal on the surface acoustic/wave filter with the external connection terminal intersects the line pattern layer, and an 
arbitrary point on the line pattern is set to a prescribed value or more. 



4. A duplexer device according^to claim 3, wherein a first pad connecting one of the surface acoustic wave filters with a 
of the line pattern and a seconded connecting the common terminal with a second end of the line pattern are arranged a 
positions that are the most distant from each other inside the wire bonding pad layer. 



5. A duplexer device as claimeo&n claim 4, wherein the wire bonding pad layer has a rectangular space in a substantial c 
thereof for mounting therein thjgwo surface acoustic wave filters, and the rectangular space is surrounded by the plural ] 
where the first pad and the second pad are arranged at diagonal corners with the rectangular space intervening therebetw 

6. A duplexer device according; to claim 4 or 5, wherein the common terminal is formed on the external connection term 
layer, and a common terminal jU^d line for connecting the second pad and the common terminal is formed on a layer difi 
from the line pattern layer. 
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7. A duplexer device accordmgjfo claim 6, wherein the common terminal lead line is formed on the wire boding pad Iay< 



8. A duplexer device according to claim 6, wherein the common terminal lead line is formed on a layer below the line pa 
layer. $ 

9. A duplexer device accordingtjo claim 6, 7 or 8, wherein a common GND layer having a GND pattern is provided betv 
layer on which the common terminal lead line has been formed and the line pattern layer. 

10. A duplexer device as claimed according to claims 3 to 9, wherein the distance dS is L075 mm or more. 

1 1 . A duplexer device accordinWto claim 1 or 3, wherein side surfaces of the layers are covered with a GND layer. 

12. A duplexer device according to claim 3, wherein a die attach layer for mounting the surface acoustic wave filters is p 
below the wire bonding pad layjr but above the line pattern layer, a die attach pattern for connecting the surface acoustic 
filters a GND is formed as patterns divided into two or more on the die attach layer, and the divided die attach patterns a 
contact with the surface acoustic^wave filters through a paste. 



13. A duplexer device according to claim 1 or 3, wherein the plural pads formed on the wire bonding pad layer are formt 
have a predetermined distanceltfom each other. 

14. A duplexer device according^ claim 13, wherein the predetermined distance between the plural pads is 0.3 mm or n 
is smaller than the rectangular jpace for mounting the surface acoustic wave filters. 
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-c««ffl i/ft^t- f ©iBg£ ffK^t ^ - xDmmmz: 

^L-fcfe©T*S7!)5. CCttt. WP10SOTP5J: 
0 F»©W P9SOTP4 ©(4aK . «gg/-{ 2 - > 1 

©ffigpL pi. l p 2 tmmt^m^^^ F^isgur 

[0 049] tfc, «8§/^->l« > agfc^-TJ:^ 
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C(Di|^^ffiidSl=dS2 = 

[0 050] ifc. C<D^#5©»^B> /"C 5- FW 
P 5 iftii^T 0 ^(DrnffiMFF P5i 7 
-Y>2 0«\ H8{C^UfctB^>7^>2 0<fc»)feS< 

[0 05 1 ] iC5t?. JWH^WHfTl. T2£|§!S& 
£©|tfl©T^VU^3>asgt><!:#*&S© 

Tl. T2, SO\ CONmR. T2i^MWCC«^ 
3*TCC>*MKFFP8. Fp££, mB&'*2->l<D& 
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SB, C©tl«J:0S«>6nS»r3e«£Lhtr*c:4*J 
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(ftMGND)18-C«^2 25sP^) ^bT^mift 
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2 3©M (D 1 ~D 4 ) tt»'pB^*-> 1 <tftili$ 
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«tda>7^^sK>9*^>^t#ll5 fe *iiGNDJ18 
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JSSntt^Ci^U 02 9 (b)BC(D^^Td? 
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JWiiTSi^tCLr. ^S^A/4mm©^8§/^- 

[oo99]i33«, ^mm^To^wmztimm 

(DS?FP4, FP542^tWfcl^*ml/tl,^. 
i3 4tt. tm'i2-->k1gMZti&'-i-> FPD 1 iP 
D 2 ^ ;U^4^tg^^^ra(C>Ftb-Cp| CffllJ-C 

S4>«nfc{4gKiegUfcigi£*^LT(,>&, > S3 5 
( a ) . ( b ) 9 F Z>ffi®.V>imifim 3 

2©«fiS<t9 0- BRS*i*:^(^ta6WT?*»), H3 
5(c). (d) «. 7^;W^4^i8-r^5f§^W©^ 
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